Between the illicit use of opioids and attendant overdoses, and accidental overdoses with prescribed drugs, overuse of opioids has become a serious problem. At the same time, finding that fine balance between minimizing the risk of opioid misuse and abuse while at the same time providing access to treatment for patients who need pain control presents an ongoing challenge. Efforts to discover and develop better agents have led to what we term "new-look" opioids. We summarize here one such approach-known as biased ligands. By targeting a subset of GPCR signal transduction, this approach attempts to increase the separation between therapeutic and adverse effects.
Introduction

Global Burden of Pain and the Need for Pain Medications
Chronic (or persistent) pain-generally loosely defined as pain persisting for more than three months-remains among the leading causes of disability, and years lived with disability (YLD). According to The Global Burden of Diseases, Injuries, and Risk Factors Study 2016, of the 59 conditions with a global prevalence exceeding 1%, seven of these are primary pain conditions: tension-type headache, migraine, lower back pain, neck pain, "other musculoskeletal conditions", osteoarthritis, and urolithiasis (kidney stones) [1] [2] . Taking into account both severity and prevalence, the YLDs provide an overall picture of disease burden. Globally, low back pain and migraine were the two leading causes of YLDs, responsible for 57.6 million and 45.1 million total YLDs, respectively 1] . Chronic neck pain and "other musculoskeletal disorders" were each responsible for 29 million YLDs and osteoarthritis for 16 million YLDs [1] . The burden of chronic pain is actually even greater than this, because these numbers do not reflect conditions such as cancers, sickle cell anemia, diabetic neuropathy, neuropathic conditions, and many others, where pain is but one of many symptoms [2] . Thus, chronic pain is a global problem that severely impacts the quality of life of those suffering from it, and it exacts a significant socioeconomic toll. Lost productivity due to pain is measured in the billions of dollars.
Increase in Opioid Use for Non-Cancer Chronic Pain and Potential Consequences
Prior to the late 1970's and 1980's the management of non-cancer chronic pain, and even of some cancer pains, was almost absent. Opioids were generally only used for postoperative pain, severe acute pain, and end-of-life care. And even as late as 2008, The World Cancer Declaration felt the need to include a target to make effective pain control more accessible [3] . The use of opioids for chronic non-cancer pain, although still considered to have unproven efficacy, consistently increased over the past two decades [4] . Although several randomized clinical trials have supported short-term use of opioids for chronic non-cancer pain, including neuropathic pain, long-term use of opioids has not been as rigorously studied [5] . An observational, descriptive study of 84 patients with intractable, severe, daily non-cancer chronic pain that was conducted over one year found that these patients reported at least 50% or greater pain relief and a moderate improvement in disability [5] . In that select population, problematic opioid use, tolerance and serious adverse effects were not considered to be "major issues." Thus, opioids used in accordance with established guidelines, carefully monitored, and used in a multidisciplinary chronic pain practice can be a safe and effective approach to treating chronic pain. This is an important caveat. Realistically, though, most opioid prescriptions are not written by chronic pain specialists, but by primary care physicians who may have incomplete understanding of these drugs, and an overconfidence in their relative safety [4] [6] . Indeed, a perception arose that opioids are virtually risk-free if taken as directed by a physician, which is not true. This is reflected in a comprehensive review that found that 20% of opioid-related deaths occurred in patients on low-dose opioid therapy of 100 mg of morphine equivalent dose or less per day and 40% in those receiving morphine of over 100 mg per day [7] . The remaining 40% of deaths occurred in individuals abusing the drugs obtained through multiple prescriptions, doctor shopping, and drug diversion. In the same study, it was reported that only 16% of users of non-therapeutic opioids reported that they obtained the drug by prescription from a doctor, while more than half of individuals reported obtaining the drug from a friend or relative.
Between 1999 and 2010, the number of prescriptions written for opioids in the United States quadrupled, largely due to prescribing of opioids for non-cancer chronic pain [4] . The increase in opioid prescriptions has unfortunately been [6] . The rise in opioid prescriptions reached a peak in 2012, and has since declined, but the rise in opiate overdoses has continued. This is partly due to the increased use of illicit heroin and fentanyl (and congeners).
The role of increased availability of prescription drugs to the current opioid epidemic has not been rigorously examined, and the causes are multiple and complex. Use or misuse/abuse of opioid analgesics was responsible for more deaths than suicide and motor vehicle accidents together, or from cocaine and heroin combined [7] . This is not a new dilemma. We are reminded that the invention of the hypodermic needle in the mid 1800's, permitting morphine injection, was a boon to soldiers suffering from horrific wounds during the Civil War. But this blessing was followed by the curse of "Soldier's Disease"-Civil War veterans who had become addicted to morphine.
Approaches to Better Opioids
The rather dramatic rise in opioid use disorders and opioid-related deaths, regardless of cause, has spurred several approaches to develop or reconsider novel, safer opioid drugs. Approaches include pharmacodynamics, influencing the action of opioids at the opioid receptor, pharmacokinetic, such as limiting the ability of the drug to cross the blood-brain barrier, combination therapies to limit the exposure to opioids, and preparation of abuse-resistant formulations. We call these "new-look" opioids, and present a summary of one of these approaches
here. We present the conceptual framework for this approach rather than a list of the compounds in development. We discuss one drug as a representative example.
The Opioid Receptor and Opioid Analgesic Activity
The early to mid 1970's was an exciting time in pain research. Within a short period, it was discovered that activation of specific brain sites could produce powerful antinociception in animal models and analgesia in patients with intractable pain. The contemporaneous discovery of a receptor specific for opioids suggested not only that drugs such as morphine and codeine could activate specific pain-modulating pathways in the central and peripheral nervous systems, but it also suggested that there were endogenous substances that exist to activate these receptors. The discovery of the enkephalins, endorphin, and dynorphin confirmed the existence of endogenous substances that exist to activate the opioid receptor and produce analgesia. Further studies led to the identification of three opioid receptor subtypes, which were named based on putative ligands that preferentially bind to them, or the tissue system where they were characterized.
Thus, we have the μ (morphine), κ (cyclazocine), and δ (mouse vas deferens) opioid receptors. More recently, the nociception (ORL1) and the ζ opiate receptors were added to the family. It was hoped that as our understanding of these 
Molecular Biology and Signaling Pathways of the μ-Opioid Receptor
The functioning of the μ-opioid receptor, a member of the G protein-coupled receptor (GPCR) superfamily, has received considerable attention [8] 
"Biased" Signaling
Emerging evidence indicates that the β-arrestins can also mediate alternate signaling pathways, independent of G proteins, involving mitogen-activated (Figure 2 ). Morphine, acting through both pathways is considered to be "unbiased" to the pathways. Fentanyl, which is associated with greater respiratory depression than morphine, shows a "bias" towards the β-arrestin pathway. Based on these observations, Schmid and colleagues developed a series of compounds derived from a piperidine core structure [12] . Using differences in relative agonist activity between two assays, a bias factor for activation of the G protein and β-arrestin pathways was determined for each of the compounds. These were then correlated with the therapeutic window derived from nociceptive assays and measures of respiratory depression in mice for each of the compounds. A strong correlation was found between the therapeutic window and signaling bias. Compounds such as fentanyl, with a greater bias towards β-arrestin, are more likely to produce respiratory depression even at low doses, whereas those with G protein signaling bias have broader therapeutic windows. It is hoped that studies such as this one helps further the development of safer alternatives to current opioid therapeutics.
Current Status
Oliceridine (TRV130) (Figure 3 ) was developed by Trevena Inc. as a G protein based ligand at the μ-opioid receptor [12] . In preclinical studies, it produced less respiratory depression and gastrointestinal dysfunction than morphine at equianalgesic doses. In a phase II trial in patients following abdominoplasty, intravenous oliceridine produced a lower prevalence of nausea, vomiting, and depressed respiratory function compared to morphine [15] . Oliceridine received Breakthrough Therapy Designation from the U.S. Food and Drug Administration (FDA), and the New Drug Application for the i.v. formulation is currently under review by the FDA. These developments suggest that biased ligands may provide an avenue to a safer, potent, and efficacious opioid analgesic.
Perspective and Conclusions
The medical and broader communities face a dual epidemic: under-treatment of pain and over-use of drugs used to treat pain. Chronic pain severely impacts the quality of life of those suffering from it, and it exacts a significant toll on the patient, the healthcare professions, and the community at large. Opioid analgesics mimic the body's own pain attenuation physiology, and can be effective pain re-
